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GOV A LENT ATTACHMENT OF SPECIFIC BINDING MEMBERS TO A SOUO PHASE 



BACKGSOUNO OF THE INVENTION 



1 . Re*d of the invention 

The present invention relates to methods and 
reagents for the covaient attachment of specific 
binding members to a solid support in particular, 
trie invention relates to the immobilization of spe- 
cific binding members on solid supports for use in 
diagnostic assays and separation procedures. 



2. Description of Related A r t 

Binding assays have found widespread applica- 
tion in the field of clinical diagnostics for the detec- 
tion and/or measurement of drugs, hormones, pro- 
teins, peptides, metabolites, microorganisms and 20 
other substances of interest commonly referred to 
as anaiytes, in both biological and non-biological 
fluids. Binding assays incorporate specific binding 
members, typified by antibody and antigen im- 
munoreactants, wherein one member of the spe- as 
oftc binding pair is labeled with a signal-producing 
compound (e.g.. an antibody labeled with an en- 
zyme: a fluorescent compound: a chemilumines- 
cent compound: a radioactive label; a direct visual 
label: etc). For example, in a binding assay the x 
test sample suspected of containing anaiyte can be 
mixed with a labeled anti-anaiyte antibody and in- 
cubated for the immunoreaction to occur. The reac- 
tion mixture is subsequently analyzed to detect 
either the label associated with an antibody/an alyte as 
complex (bound label) or the labeled antibody 
which is not complexed with anaiyte (free label), 
thereby enabling the detection or measurement of 
the anaiyte in the test sample. 

Binding assays can be divided into two general 40 
categories known as homogeneous and heteroge- 
neous assays, in the homogeneous assays, the 
signal produced by the bound label is different 
from the signal produced by the free label. As a 
result bound and free label can be distinguished <s 
without physical separation of the individual reac- 
tants from the reaction mixture. 

A well-known homogeneous binding assay is 
the enzyme-multiplied immunoassay technique 
(EMIT) which is disclosed in U.S. Patent 3.317.337. so 
In the EMIT assay, the anaiyte present in the 
patient's test sample and an enzyme-labeled an- 
aiyte compete for a limited amount of anti-analyte 
antibody. The soeafic bincing of the antibody *o 
the anaiyte- enzyme conjugate modulates the con- 



jugate's enzymatic activity such that the enzyme 
activity is proportional to the amount of anaiyte in 
the test samole. Homogeneous binding assays 
have the advantages of being rapid, easy to per- 
form, and readily adapted to automation. Their dis- 
advantages are that they are susceptible to interfer- 
ences caused by non-anaiyte substances in the 
test sample, they are generally limited to assays 
for low molecular weight anaiytes. and they have a 
limited sensitivity. 

In a heterogenous binding assay, the signal 
produced by me bound label is indistinguishable 
from the signal produced by the free label: there- 
fore, the free label and the bound label must be 
separated from one another to distinguish between 
their respective signals. In some cases, the com- 
plex with which the bound label is associated will 
substantially differ in molecular weight from the 
free labeled reactant so that centrrfugation can be 
used to separate the heavier complex. 

An alternative to centhfugation involves attach- 
ing at least one of the binding assay's reactams ta 
a solid support The solid support can then be 
separated from the test sample and the remaining 
assay reagents to provide for the separation of the 
free and bound label. The separation of the solid 
support and reaction mixture can be accomplished 
either by drawing-off the remaining reaction mix- 
ture or by physically removing the solid phase from 
the reaction mixture. The solid support can also be 
treated or washed to remove interfering substances 
prior to the detection or measurement of the label 
associated with the solid phase. 

Longer incubation times may be required in the 
heterogeneous assay. This is because the kinetics 
of a reaction between a solid phase-bound specific 
binding member and its complementary binding 
partner tend to be slower than the kinetics of the 
same reaction when both binding members are m 
solution. The heterogeneous assays, however, are 
in general more sensitive than homogeneous as- 
says and less prone to interferences, because in- 
terfering substances can be removed by the wash 
steps. 

Variations to this general solid phase separa- 
tion scheme have been developed, but they typi- 
cally involve the binding of the anaiyte to a specific 
binding member which is attached to a solid phase. 
Generally, specific binding members are attached 
to or immobilized on the solid phase by adsorcnon 
or covaient bonding. Adsorption results from the 
action of the solid phase in attracting and holding 
the specific binding member. With covaient bond- 
ing, the specific binding member anc the solid 
phase are chemically reacted to result ^ a oaoa 
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mobilized specific butding "^^J^ 
Xt-c me Binding of that specific binding member 
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wn-y spear* struck. »^ 
figurations which enable wm » ^"^"J^ 
bM to a specific analyte (e.g.. «vn»- 
a^bcd.es anTus* in an assay Mr me c^on o, 
antigens, me amiboc-s may be M speafic bmd- 
,ng member, link* to the so*! o^^^ 
InSty of the soiid phase to the am*o«^~wev.r 
can partaiW or =omp-»ty b*** A. s*« on ft. 
antibody to which the antigen binds. In addrbon the 

th. conforms** of the ambody and 
m.raoy affect the antibody's ability to bind to the 
The seme limitations ho* for m. linkage 
of other specific binding members to a 
«» specific binding members may attach jn a 
-ectrum of positions ranging from complete stenc 
hindrance of the binding srte to unhindered access 
and/or me conformation of the specie ^binding 
member can change upon among « me jofcd 
onase so that its complementary binding partner 
caTno long* recognize a or bind » rl As may be 
peered, m. »n««v,ty of m. assay 
£crea»ng levels of ste^c hindrance and loss of 

^conv««ional method for covafntiy attaching 
a orotemaceous specific binding member jn. . pcly- 
meric solid ph« involve M us- of 
to crosslink the amine groups of the P™»""»* 9 
carboxy, groups on the surface of me 
Alternate gkit.rald.hyd. is used Ito j sossUnk 
m. amines of the protein to surface bound amines 
on the solid phase. These ercsstinking methods, 
however, are poorly controlled. <^ 
protein/protein cross.ink.ng and ""^specific ™£ 
Son,, such as me over^odiflcafon at me prown 
wnich may result in a decrease .n me tending 
capacity of me specific binding member. In addi- 
STm. pro«n mat * so immobilized has poor 
^ty. "making it'' necessary ■ * , bind large 
counts of m. protein to tM solid phase to obtain 
suitable assay sensitivity. 

There have been two main approaches to solv- 
ing me crossUnking problems associated with the 
heterogeneous assays. One approach has been to 
complete me reaction of me binding partners prior 
to me .mmobilization of the newly formed complex 
upon me solid phase. The other 
been to extend me length of me linkage between 
the specific b.nding member and me solid phase. 
The linking or coupling agent must maintain the 
linkage dunng me chemical manipulations of me 
assay as well as aunng me physical mampuiations 



at washmg and separation steps. Extended length 
h.wob.funrtonal coupling agents have been de- 
in EP-A-314.127 (Abbott Uboratones). 
«mm me eovatant attachment of 
, members to th. solid phase is ^"mpl.shed u^ng 
an extendi length medlar chain havmg at leas 
one inking group mat is reactive with a chemical 
grouo on m. solid phase and at least on. Unking 
ioup that is reactive with a chemical group on the 
,o specific binding member. 



SUMMARY OF THE INVENTION 



The present invention provide methods tor 
th.ola.ed soiid Phase materials and en- 
mobilized specific binding members, 
^n. fornTof knmoWiz* specific bmdmg 
» member, produced by the present .nvenfon. ,s 
rapresented by the formula: 
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Z £a*c ^ membe,c=upling ag^ com 
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fic ^dlng member complex. Alter- 
« ^fk? bmding m«nber/coupl.ng 

natively, me - m ma ^thiol com- 

pound to term a mioiarau " . men 
member/coupling agent ^ lex nli " n '" c3m . 

pUsx to form *e immobiii2«d speci"*- 

ber ^nhiiized specific binding 

An aitemativa immobiuzea 
member is represented bV 'ormuia: 

c^. group, wnere. me ^^^^ 
H-M. a specie b.nomg memoer/neieru 
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coupling agent complex, by a tnioi introducing 
agent. Q-S. The thiol introducing agents include 
thioiaries. succinimidyl thioacetates and disulfide 
compounds which are subsequently reduced to a 
thiol. This immobilized specific binding member is 
made by reacting the solid phase with a thiol 
introducing agent to form a thiolated soiid phase; 
reacting an am mated specific binding member *«th 
a r>eterocrfunctional coupling agent to form a spe- 
cific binding member/coupling agent complex: and 
then reacting the thiolated soiid phase with the 
specific binding member/coupling agent complex 
to form the crosstinked solid phase/specific binding 
member complex. 

The present invention is also of use in forming 
a thiolated solid phase represented by the formula: 
8-a-XH 

wherein a is a soiid phase having an amino, car- 
boxyi or thiol group, R is a heterabtfuncttonal cou- 
pling agent and XH is a dithio compound linked to 
R through a thtoether. The thiolated solid phase ts 
made by reacting the solid phase with a 
heterottfunctionai coupling agent to form a solid 
phase/coupling agent complex and then reacting 
the complex with a dithiol compound to form a 
thiolated solid phase/coupling agent complex. 

The thiolated solid phase can also be prepared 
by reacting a solid phase with a disulfide com- 
pound to form a solid phase/disuiflde complex 
which is then reacted with a reductant whereby the 
disulfide is reduced to form a thiolated solid phase. 

The resulting immobilized specific binding 
member can be used in diagnostic binding assays. 
And. the immobilized specific binding member can 
optionally be incorporated into or onto a support 
medium. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Rg. t is a diagrammatical illustration of the 
modification of an ami no -bearing specific binding 
member to include a thtoKeacthm group using a 
maleimido-NHS active ester coupling agent and 
the linking of that specific binding member/coupling 
agent complex to a thiolated solid phase. v 

Rg. 2 is a diagrammatical illustration of the 
modification of an amino-bearing specific binding 
member to include a thioHeactive group using an 
active halogen-NHS active ester coupling agent, 
and the linking of that specific binding 
member/coupling agent complex to a thiolated sol* 
id phase. 

Rg. 3 is a diagrammatical illustration of the 
modification of an ammo-beanng solid phase to 
include a thiol-<eactive group using 2-imtnothiolane. 

Rg. 4 is a diagrammatical illustration of the 



modification of an armno-bearing solid phase wttn a 
dithiol compound to form a thioiated solid phase. 

Rg. 5 is a diagram mabcal illustration of the 
preparation of a thiolated solid phase through the 
s reduction of a disulfide group. 

Rg. 6 is a diagrammatical illustration of the 
modification of a carboxyiated solid phase and the 
reduction of a disulfide group to form a thiolated 
solid phase. 

io Rg. 7 is a diagrammatical illustration of the 

suifhydryl crosslinking of a thiolated solid 
phase/coupling agent complex and a specific bind- 
ing member/coupling agent complex to form an 
immobilized specific binding member. 

TS 

DETAILED DESCRIPTION OF THE INVENTION 



The present invention provides novel methods 

so for the covaient linkage of the specific binding 
member and the solid phase, such as the immo- 
b&zation of a protein on a solid phase for use in an 
immunoassay. The method can be used to 
covaJentiy crosslink two ammo-containing compo- 

23 nents. These components include, but are not limit- 
ed to, antibodies, enzymes, peptides, cells, hap- 
tens, small molecules, solid phases. liposomes, 
and polymers. The genera* methodology of the 
present invention involves the modification of the 

30 specific binding member and/or the solid phase to 
incorporate thioi-reactfve functional groups. The ac- 
tivated specific binding member is then allowed to 
react with the thiolated solid phase to produce me 
covaient linkage. The specific methodologies of the 

as present invention differ in the means used to intro- 
duce the thiol groups to the solid phase, in another 
aspect of the present invention, both the solid 
phase and the specific binding member can be 
individually modified to induce extended length 

40 neterobifunctional coupling agents, which in turn 
can be crosslinked through a dithiol compound. 

The present invention provides greater control 
over the chemistry for the production of both de- 
hvatteed soiid supports and immobilized specific 

4s binding members. The invention enables the pro- 
duction of immobilized specific binding members 
which have increased sensitivity, specificity and 
stability, while requiring less specific binding mem- 
ber be used, in addition, the present invention may 

so alter the surface charge of the solid phase, which 
in some mstances eliminates the charge-related 
nonspecific interactions which can occur m binding 
assays. The covalentty bound specific binding 
member/solid phase compounds of the present m- 
55 vention can be used in both sandwich and compec- 
ttve heterogeneous binding assays, in both forward 
and reverse assay techniques. 
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Definitions 

The following definitions are applicable to the 
present invention. 

The term "specific binding member", as used 
herein, refers to a member or a specific binding 
pair, i.e.. two different molecules where one of the 
molecules through chemical or physical means 
specifically binds to the second molecule. In addi- 
tion to antigen and antibody-specific binding pairs, 
other specific binding pairs include btotin and 
avidin. carbohydrates and lectins, complementary 
nucleotide sequences (including probe and capture 
nucleic add sequences used in ONA hybridization 
assays to detect a target nucleic acid sequence), 
complementary peptide sequences including those 
formed by recombinant methods, effector and re- 
ceptor molecules, enzyme cof actors and enzymes, 
enzyme inhibitors and enzymes, and the like. Fur- 
thermore, specific binding pairs can include mem- 
bers that are analogs of the original specific bind- 
ing member. For example* a derivative or fragment 
of the anaiyte. i.e., an anaiyte-anaiog, can be used 
so long as it has at least one epitope in common 
with the anaiyte. Immunoreactive specific binding 
members include antigens, haptens, antibodies, 
and complexes thereof including those formed by 
recombinant ONA methods or peptide synthesis. 

"Anaiyte", as used herein, is the substance to 
be detected in or separated from the test sample 
using the present invention. The anaiyte can be 
any substance for which there exists a naturally 
occ u rring specific binding member or for which a 
specific binding member can be prepared. In addi- 
tion, the anaiyte may bind to more than one spe- 
cific binding member. "Anaiyte" also includes any 
antigenic substances, haptens, antibodies, and 
combinations thereof. The anaiyte can include a 
protein, a peptide, an amino acid, a hormone, a 
steroid, a vitamin, a drug including those admin- 
istered for therapeutic purposes as well as those 
administered for illicit purposes, a bacterium, a 
virus, and metabolites of or antibodies to any of the 
above substances. 

"Solid phase", as* used herein, includes the 
material upon which a specific binding member can 
be immobilized for use in diagnostic assays, affin- 
ity chromatography and separation procedures. 
While the Examples which follow generally deal 
with microparticle solid phases made of poiymenc 
materials, many other solid phase configurations 
are possibte so long as the material includes or can 
be formed or derivatized to accept the requisite 
linking groups enacling the immob* ligation of a 
specific binding memcer. 

The solid phase can include, without limitation, 
polymeric or glass beads, micro c articles, tubes, 
sheets, plates, slides. wells, tapes, test tubes, or 



the like. Natural, synthetic or naturally occur nng 
materials that are synthetically modified, can be 
used as the solid phase including polysaccharides. 
e.g.. cellulose materials such as paper and cei- 

s lulose derivatives such as cellulose acetate and 
nitrocellulose; silica: silicon particles: inorganic ma- 
terials such as deactivated alumina, or other in- 
organic finely divided material uniformly dispersed 
in a porous polymer matrix, with polymers such as 

tq vinyl chloride, vinyl chionde polymer with pro- 
pylene, and vinyt chionde polymer with vinyl ace- 
tate: polyethylene; doth, both naturally occurring 
(e.g.. cotton) and synthetic (e.g.. nyfon); porous 
gels such as silica gel; poiymenc films such as 

rs poryacryiates: and the like, it will be readily appar- 
ent to those skilled in the art that a variety of solid 
phase materials can be adapted for use in accor- 
dance with the present invention. 

In addition, a solid phase prepared in accor- 

20 dance with the present invention can be incor- 
porated within or upon a separate support medium. 
Support media include any suitafiie absorbent, 
cttromatographic, bibulous, porous or capillary ma- 
terial. For example, the support media can include 

23 a fiberglass. ceUuiose or nylon pad for use in a 
flow-through assay device as described in co-own- 
ed and copending European Patent Publication No. 
217.403 published April 8. 1987. The device dis- 
closed therein compnses a substantially planer lay- 

30 er of material having a porous matrix or fibers, 
upon which are immobilized a plurality of substan- 
tially sphencal microparticles bearing an immobi- 
lized specific binding member. Similarly, a dipstick 
for a dip and read assay or a test strip far 

3S chromatographic (e.g., paper or glass fiber) or thin 
layer chromatographic {e.g- nitrocellulose) tech- 
niques can be used. 

The term "test sample as used Herein, in- 
cludes a naturally occurring or artifi daily formed 

-o liquid test medium suspected of containing the 
anaiyte of interest. In diagnostic assays, the test 
sample is generally a biological fluid or a dilution 
thereof. Biological fluids from which an anaiyte can 
be determined include serum, whole blood, plas- 
ms ma. urine, saliva, amniotic and cerebrospinal fluids, 
and the like. The reagents and methods of the 
present invention can also be designed to deter- 
mine food product and environmental analytes of 
interest 

so The term "coupling agent", as used herein, 

indudes Afunctional crosslinking or coupling 
agents, i.e.. molecules containing two reactive 
grouos or "ends", which may be tethered by a 
spacer. The reactive ends can be any of a vanety 

55 of functionalities inducing, but not limited to: ammo 
reacting enas such as n-hydroxysuccimmide (NHS> 
active esters, imidoesters. aldehydes, epoxides, 
sulfonyi naiices, isccyanate. i so th ice/ an ate, and 
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nitroaryl haiides: and thiol reacting ends such as 
pyndyi disulfides, maieimides. tfnophthaiimides. 
and active halogens. The rteterobtfunctianaJ eras- 
slinking reagents have two different reactive ends, 
«.g.. an ammo-reactive end and a carboxyl -reactive 
end. while rwmobi functional reagents have two 
similar reactive ends. 

Commercially available heterobi functional 
reagents for use in the present invention include, 
but are not limited to. the maleirnido-NHS active 
•stars coupling agents such as m- 
maiemiidobenzoyHNl-hYtiroxy-su ester 
(MBS); suconimtdyl -HN-mai*midometnyl>- 
cycJohexane-i-carboxyiate (SMCO; succmimidyl -4- 
(P- maleimidophenyObutyrate (SMPB) and deriva- 
tives thereof, including suifosuccinimidyl derivatives 
such as sulfcauccmimKiyi^r^mal^mtdo-metnyO 
cyciohexane-t-carboxyiate fsulfo-SMCC): m- 
m aiei rnjdobenzoyMuifosucxsrurn ide ester (suifo- 
MBS) and suifosuccinimidyl 4^/>maieimidophenyl>. 
butyrate (sulfo-SMPB). 

Other heteroorfunctionai reagents rnciude the 
commeraally available active hatogen-NHS active 
•sters coupling agents such as N-succinimidyl 
bromoacatato and N-succinimidyl (4-*odcacefyl>- 
amtnooenzoatB (SUB) and the suifosuccinimidyl 
derivatives such as suifosucorwmidyl (4- 
>«3oacetyl)aminobenzoate (sulfc-SIA8). 

Another group of coupling agents is the 
rwterobifunctional and thiol deavable agents such 
« N-succirtirnidyl 3^2^vndyrthio>prc^onate 
(SPOP). Thio* deavable agents, such as N. N - 
Q*3artsyM_-cysttne and L-cystine dimethyiester 
dihydrochionde. can also be used. 

Vet another group of couoling agents includes 
the extended length hetercbifunctionai coupling 
agents described in Application EP-A-314.1 27. The 
extended length heterobifunctionaJ coupling agents 
include maletmido-NHS active ester reagents 
whereinme spacer s represented by the formula: 

- (Xn>- C - R . 

wherein the X is a substituted or an substituted 
ammo acid, having from three to ten carbon atoms 
■n a straight chain; n is ffem one to ten; and a is an 
alkyl. cycfoaikyl. aixyKr/cioaikyl or an aromatic 
carboxyiic ring. The term alkyl^ycioaikyf includes 
aikyi groups linked to cycioaikyl ring structures 
wnere the alkyl group links the cycioaikyl to a 
maleimide or carbonyt group. The term alkyl in- 
cludes straight or branched alkyl groups, preferably 
tower alky! groups having from one to six carbon 
atoms. 

'* a spacer is present to tether :he rwo reactive 
groups of the coupling agent, the spacer can be 
any molecular cnain that is non-reactive, staole and 
non-b.ndmg to the analyte or other soeoftc bmdina 
memoers with wn tc .n , t w,u be used. The length of 



the spacer can be varied and can range from the 
size of a single atom to the sizes disclosed in EP- 
A-314.1 27 or larger. 

The term "thiol introducing agent", as used 
s herem. includes but is not limited to thiolanes (such 
as 2-imrno thro lane), sucanimidyl thtoacetates (such 
as H-sucdnimidyl-S-acetyithioacetate), and disul- 
fide compounds which are subsequently reduced 
to a thiol. The thiol introducing agents can be used 
ro 10 activate specific binding members and solid 
phase materials for their subsequent reaction with a 
thiol-feactive grouo. 

The choice of a coupling agent or thiol in- 
troducing agent depends upon the acceptable per- 
rs formance of that particular agent with the particular 
softa phase and specific binding member to bo 
used in the diagnostic assay. Therefore, it will be 
appreciated by those skilled in the an that the 
coupling agent or thiol introducing agent used in a 
20 Srven assay wrt generally be determined empiri- 
cally. In addition, the specific binding member will 
include one or more amino, carboxyl or thiol 
aroups or can be denvatizad by the incorporation 
of an amino, carboxyl or thiol group thereby en- 
25 abfing the reaction of the specific binding member 
with a coupling agent or thiol introducing agent 
"Activated species- refer to specific binding mem- 
bers and solid phase materials which contain a 
reactive group through the incorporation of a cou- 
y> ping agent for example, the activation of a protein 
with sulfo-MBS. Protewiacaous specific binding 
members with cysteine residues at the protein's 
active site can have their activity decreased by the 
addition of a coupling agent therefore the cysteine 
w residues in the active site must be protected, by 
means known in the art prior to reacting the pro- 
tein with the coupling agent 

Preparation of activated or derivaiized solid phases 
and immobilized specific binding members 

The general methodology of the present inven- 
tion involves the modification of a solid phase by 

<s the introduction of thiol groups. A specific binding 
member. e.g.. a protein antigen, is also modified to 
contain thiof-reactive functional moieties such as 
maleimides or active halogens. The derivatized 
specific binding member is then added to the 

so thioiated solid phase and reacted to produce a 
eovalent linkage. 

Two methods by which a specific binding 
memoer bearing an ammo group can be modified 
to contain a thiol-reactive functional group are dia- 

ss grammatically illustrated m Figures 1 and 2. in 
particular. Figure i illustrates the activation of a 
protein scecific binding memoer through the use of 
a maieimido-tNHS active aster neterobif unction al 
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reagent to incorporate a thioi-reactive group on the 
protein. The R in tie coupling agent represents 
aikyl. cycloalkyl. alkyl-cycioaJkyl or an aromatic 
carooxytic nng as described above. The Z in me 
coupling agent typically represents a hydrogen 
atom, or optionally represents an inert polar group 
sucn as SO?" which imparts the characteristic of 
water solubility upon the coupling agent In a sec- 
ond step, the activated specific binding member is 
then reacted with and links to a thioiated soiid 
phase. 

Refemng to Figure 2. the specific binding 
member is reacted with an active haicgen-NHS 
active ester heterooifunctionaJ reagent, wherein R 
and Z are defined as described above, in a second 
step, the specific binding -n ember/coupling agent 
complex is then reacted with and linked to a thioiat- 
ed solid phase. 

Methods for introducing thiol groups to the 
solid phase, such as an animated or carbaxylated 
polystyrene latex particle, are diagram maccaily il- 
lustrated in Figures 3 through 8. Figure 3 repre- 
sents the use of a thiol introducing agent e.g., 2- 
iminotfnoiane, which is reacted with the am mated 
soiid phase to form a thioiated solid phase. 

Figure 4 represents the reaction of an amtnated 
solid phase with an active halogen-NHS active es- 
ter heterobi functional reagent, wherein R and Z are 
defined as described above and I is a sample 
halogen. The resultant solid phase/coupling agent 
complex is then activated by reacting the complex 
wtth a thiol introducing agent e.g., a olthiol com- 
pound represented by HS-X-SH. to produce a 
thioiated soiid phase. As with the preparation of the 
specific binding member/coupling agent complex in 
Fig. i , a thioiated solid phase/coupling agent com- 
plex can also be prepared through the use of a 
maieimtdo-NHS active ester heterobi functional 
reagent 

Figures 5 and 5 represent the use of disulfide 
compounds to modify either an aminated or car- 
bo xylated solid phase. R and Z are defined as 
described above. Following the reaction of the di- 
sulfide compound with the solid phase, the disul- 
fide compound is reduced by the addition of a 
reductant to form a thioiated solid phase. The disul- 
fide compounds are represented by the structure 
-R-S-S-fl . The reductants for use in the procedure 
include any substance capable of reducing the 
disulfide group to a thiol. Thus, the reductants 
include but are not limited to, thiols, oorohydndes. 
metal hydndea and hydrogen gas with a catalyst. 
As an alternative :o the reaction of a carboxylated 
solid phase and an ammo-containing disulfide com- 
pound represented ;n Figure S. the solid phase can 
contain or be activated ro ,nc!ude the amino group 
and the disulfide compound can include the car- 
boxyl group. 



Both the solid phase and :he specific binding 
member can be modified to include a coupling 
agent, the coupling agents providing the required 
anuno. thiol or carboxyl groups. One of the modi- 
s tied components, such as the soiid phase/coupling 
agent complex, is then treated with a di thiol com- 
pound to introduce sulfhydryl groups to the compo- 
nent thereby forming a thioiated solid 
phase/coupling agent complex. Finally, the specific 

i a binding member/coupling agent complex is added 
to the throtatod solid phase/coupling agent complex 
to form a crosslinked product 

An example of the sulfhydryl linkage of a spe- 
cific binding member/coupling agent complex and 

rs a solid phase/coupling agent complex is diagram - 
matrcally illustrated in Figure 7. An aminated micro- 
particle is represented m the upper left portion of 
the illustration. The solid phase microparticles in- 
clude commercially available latex mtcroparticles 

20 bearing amino groups, as well as microparticles 
wn»ch have been modified or activated to contain 
amino groups. The microparticies are mixed with a 
rtetercbifuncticnai coupling agent, e.g.. sulfo-MBS. 
to produce a microparticte/coupling agent complex. 

25 The microparticte/couoiing agent complex is then 
reacted with a dtthiol compound, e.g.. dithiothreito! 
(OTT), to produce a thioiated microparticle/coupiing 
agent complex. An aminated protein, such as an 
amine group bearing antigen, is represented in the 

30 upper left portion of the illustration. The protein is 
also linked to a heterobifunctionai coupling agent to 
produce a protein/coupling agent complex. Lastly, 
the thioiated microparticie/coupling agent complex 
and the protein/coupling agent complex are reacted 

35 to produce a drtfttoether crosslinked rnicroparticie 
and protein, i.e.. an immobilized specific binding 
member. 

40 EXAMPLES 



The following examoles describe methods for 
synthesizing the novel activated solid phase pro- 
45 ducts (i.e.. the thioiated soiid phase/couoiing agent 
complex) and the immobilized specific binding 
member products of present invention. 

50 L Protein Immobilization Through Dltniaetfter 
Linkages 

Sxampie 1 
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Preparation af Recombinant HiV-i gp-*i Cenvatiz- 
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ed Micropartici«3 



a) Preparation of Thiolated Micr opart cies 

A 3.0 ml suspension of amino-microparticies 
(3u. diameter, 2^% solids.Porysdences. Inc.. War- 
rington. PA) was placed into a 15 ml polypropylene 
centrifuge tube and centrffuged at 3000 rpm for 10 
minutes. The supernatant was decanted and dis- 
carded. The microparttde pellet was resuspended 
in 3.0 ml of 10 mM phosphate buffered saline. pH 
72 (PBS) by vortewng until the suspension was 
homogeneous. A 0.3 ml solution of N- 
maJeimKjobenzcvW^ydroxysuifc-succinOTiide es- 
ter (suifo-MBS. Pierce Chemical Co., Rockford, IU). 
10 mg per ml PBS. was added to the micro particle 
suspension, and the mixture was allowed to react 
for 1 hour at room temperature (20-25*0 with 
end-over-end rotation. The mixture was centrifug- 
ed^nd the supernatant was decanted and discard- 
ad The m a iei m ioq-microparticle pellet was washed 
by resuspension in 10 ml of P8S with vortex ing. 
centhfuging. and then decanting the supernatant. 
The washing process was performed three times. 
The micropartcie pellet was then resuspended in a 
10 ml solution of 0.1 M dithiothreitol in PBS. The 
micjoparocle suspension was mixed at room tem- 
perature by end-over-end rotation for 1 hour. The 
suspension was centrifuged, and the supernatant 
was decanted and discarded. The thiolated micro- 
particles were resuspended in a 10 ml solution of 
0.1% (v/v) of Tween« -20 in PBS. by vcrtexing. to 
achieve a homogeneous suspension. The mixture 
was then centrifuged, and the supernatant was 
discarded. The resuspension in 0.1% Tween* - 
2Q7P8S. centrifugation, and supernatant decanting 
steps were repeated for three additional cycies. 
The thiolated m>cro particle pellet was then re- 
suspended with PBS to a final volume of 3.0 ml. 
The thioiated micropartic tes reacted optimally when 
used within 3 hours of removing the dithiothreitol. 

b) Activation of Recombinant HIV-l gp4i with 
suifo-MSS 

A 1.2 ml solution of 0.3 mg protein in 1.8% 
sodium dodecyl sulfate (SOSVP8S (w/v) was 
placed in a reaction vessel. The protein specific 
binding member was an HIV antigen. Exemplary 
H 'V proteins include the recomomant protein con- 
structs such as p24 and gp4T sequences known in 
the art. A 1.0 mt solution of 30% Tween« -20 in 
PBS (v/v) was added, and the solution mixed, fal- 
lowed by the addition of 20 ug suifo-MBS m 0.8 mt 
P3S to produce a specific binding 



member/coupling agent complex. The solution 
again mixed and allowed to set at room tempera- 
ture for 1 hour. 



S! Covatont Linking of Maleimidobenzoyl Activated 
HfV-1 gp4l to ThiolaftV"A4H3oparticles 

The activated protein (3-0 ml from Example 1 . 
b) was combined with the suspension of thioiated 
mtcroparttctes (3.0 ml from Example 1. a). The 
mixture was allowed to react at room temperature 
overnight (14 to 18 hours) while rotating end-over- 
end. The protein coated microp a rticle suspension 
was cerrtrifuged. as descri be d in Example 1. a. and 
the supernatant was decanted and discarded. The 
peUat was resuspended in 10 ml of 1Q mM 2- 
mercaptoethanol by wortexing. and the mixture was 
then rotated end-over-end for 1 hour. The suspen- 
sion was cemrrfuged and the supernatant discard- 
ad. The inkjopeiiicie pellet was washed by 4 cy- 
cles of resuspension in 10 ml of 0.1% Tween* -20 
in PBS (v/v). centrifugation. and then decanting the 
supernatant The particles were then resuspended 
in P8S with 0.1% sodium azjde (w/v) to 10 ml of a 
0-75% solids suspension. The immobilized specific 
binding member preparation was stored at 4 to 
8*C 



Example 2 



Preparation of Recomomant HIV-t p24 Coated 
MfcroparticJes 



a) Activation of Recombinant HIV-1 p24 with suffo- 
MB3 



A solution of 375 ug p24 in 0.5 mi of 0.5% 
SCS/PSS (w/v) was heated at 45* C for 20-30 min- 
utes. After heating, additions of 0.5 ml of 30% 
Tweene -20 in P8S (v/v) and 0.5 mi of PBS 
containing 60 ug suifo-MBS were made to the 
protein solution. The reaction mixture was vortexed 
and set at room temperature for i hour to produce 
the specific binding member/coupling agent com- 



— Covalent Coupling of Oerivatized p24 to Thiolat- 
sa ed Microparticles "~ 

A suspension of 3.0 mt of thiolated micropar- 
ticles fas described in Example t . a) was cen- 
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plex and its crossiinking to the thiolated rrucropar- 
Hcies were repeated substantiairy in accordance 
with the procedures of Example 1 . b and c 



Example 7 



Preparation of Recombinant HtV-l gp4l Denvatized 
Mfcroparticies Using SMCC in Microparticie Thioia- 

tion 



The immobilized specific binding member was 
mede substantially in accordance with the protocol 
<H wcfi bU in Example 8 using SMCC (Recce) in- 
stead of S1A8 in the preparation of thioiatad mtcro- 
particlea. 



Example B 



Preparation of Recombinant HIV-i gp4i Oerivatized 
Mkroparticies Using a 16 Atom Heterocifurxakxtai 
Linker Group in Mlcroparticle Thioiation 



The immobilized specific binding member was 
made substantially in a cc ord an ce with the protocol 
described in Example 6 using the 16 atom 
mai ei m ido n -hydnjxysu c c in iinkjyl active ester com- 
pound described in S»-A-3l4..iZ7 instead of SJA8. 



Example 9 



Preparation of Recombinant HIV-T gp4i Oehvatized 
Mlcropartcies Using a 23 Atom Heterobifunctional 
Unker Group in Mkroparticfe TNciation 



The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Example 8 using the 23 atom 
maleimido-n^yo*GXYSucanimidyl active ester com- 
pound described in EP-A-31 4.1 27 instead of StAB. 



Example 10 



Preparation of Recombinant HtV-i gp4i Oenvatized 



Microparticles Using a 30 Atom Heterobifunctionaf 
Linker Group in Microparticie ThioUtion 



s * The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Example 6 using the 30 atom 
m **«*™»o*>-r>-m/a>oxysu^ active ester com- 

pound described in EP-A-31 4, 127 instead of S1A8. 

to 

UL Protein Immobilization Through Ottfuoether 
Linkage* Using Alternate HeterooifiinctJonaJ 
f^eegents in Protein Activation 

ts 

Example u 



Preparation of Recombinant HIV-1 gp4i Oerivatized 
Mk u o pai tK J es Using sulfo-SMCC Activated gp4i 



25 The immobilized specific binding member was 

made substantially in a cco rdan ce with the protocol 
of Example 1 using sutfo-SMCC instead of sulfo- 
MBS in the a ctivation of recombinant gp4t de- 
scribed in Example i . b. 



Example 12 



33 

Preparation of Recombinant HIV-i gp4i Oerivatized 
Microparticles Using sulfo-SIAB Activated gp4i 



4? The immobilized specific binding member was 

made substantially in accordance with the protocol 
of Example i using sulfo-SlAS instead of suifo- 
M8S in the activation of recombinant gp4i de- 
scribed in Example 1 . b- 

48 

Example 13 



so 

Preparation of Recombinant HIV-1 gp4i Oerivatized 
Mfcroparfcies Usmg SMCC Activated gp4i 



ss A 1.0 ml solution of 0.3 mg protein in P9S was 

mixed with 2.0 mi of OMSO containing 20 ag of 
SMCC. The solution was mixed and set at 20-25* C 
for i hour to produce the specific binding 



10 
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member/coupling agent complex. The preparation 
of thioiated mtcroparticJes and the protein-to-micro- 
particle coupling procedures were repeated as de- 
scribed in Example t a and c. respectively. 



Example 14 



Preparation of Recombinant HIV-i gp4i OenvatLzed 
Micro particles Using S1AB Activated gp4i 



The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Example t3 using SLAB instead of 
SMCC in the derivatization of recombinant gp4i . 



Example IS 



Preparation of Recombinant HIV-1 gp4i Oenvattzed 
Microparticies Using a 30 Atom Heterobifunctional 
Linker Modified gp4i 



The immobilized specific binding member was 
made substantiaiiy in accordance with the protocol 
described in Example 13 using the 30 atom 
nuieimklo-^i-hydraxysuccinimidyi active ester com- 
pound, described in EP-A-314.127 instead of 
SMCC in the activation of recombinant gp4i . 



TV. Protein immobilization with Microparticies 
Thioiated by 2-iminothiolane 



Example 16 
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(Pierce Chemical Co.)- The suspension was mixed 
at room temperature (20*25 Q for one hour by 
continuous rotation, centnfuged at 4,500 rpm for 10 
minutes, and the supernatant was removed and 
5 discarded. The pellet was washed by 3 cycles of 
resuspending in 30 ml of 0.05% Tween® -20 in 
PBS (v/v) with vortexing. centrifuging. and discard- 
ing the supernatant. The thioiated microparticiee 
were left as a pellet, and used within 1 hour. 

ro 

b) Activation of Recombinant HtV-i gp4i with 
sulfo-wiBS 

ts A 2.0 ml solution of PBS containing 20ug of 

suifc-MBS was added to a 1 .0 ml solution of 250 
tig of gp4l in detonized water for the preparation of 
the specific binding member/coupling agent com- 
plex. The mixture was vortexed. then set at room 

30 temperature for 1 hour. 



c) Covaient Coupling of Oenvatized gp4i to 
Thioiated Microspheres 

23 

The actrvated protein solution, of Example 16. 
b. and 2.0 ml of PBS were added to the thioiated 
microsphere pellet of Example 16. a. The particles 
were resuspended with vortexing and the suspen- 
se sion was mixed by end-over-end rotation at 20- 
25 'C for 14-18 hours. The suspension was cen- 
tnfuged, treated with 2-mercaptoethanoi. washed, 
resuspended. and stored substantially in accor- 
dance with the protocol described in Example 1 x_ 

35 

Example 17 



Preparation of Peptide Oenvatized Microparticies 
Using 2-imincthoiane for Microparticie Thiolation 



Covaient Binding of Recombinant HIV-i gp4t to 
MlcroparticJes Thioiated by 2-lminothioiane 



a) Preparation of Thioiated Micro particles 

A 3.0 ml suspension of amino-mtcropartic!es 
(3a diameter. 2.5% solids in deionized water Poly- 
sciences Inc.) was added to a 15 ml. ice cold 
solution of 50 mM N-methylmorpholine. oH 6.5. To 
this was added 9.0 mi of ice cold 0.1 M sodium 
bicarbonate containing 90 mg of 2-irninotrtiolane 



43 A solution of 430 og of an amine containing 

synthetic peptide (20-30) amino aad residues) in 
150UJ of PBS was added to 3.0 ml of thioiated 
micro particles, prepared as described in Example 
1 6, a. To this suspension, 75uJ of a 1 mg SlAB per 

so mi methanol solution was added, and the mixture 
was rotated end-over-end at 20-25 "C for 14-18 
hours. The denvatized rriicroparticles were then 
centnfuged. washed, resuspended. and stored sub- 
stantially in accordance with the protocol described 

ss in Example t . c. 

V. Protein Immobilization with Microparticies 
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Thioiated Using Disulfides 



Example 18 



Preparation of Recombinant HIV-1 gp4l Oerivatized 
Microparticies Using SPOP in Microparfcle Thioia- 

tion 



The immobilized specific binding member was 
made substantially in accordance with the p r o to co l 
described in Example 3 using SPOP (Pferce> in- 
stead of SIA8 in the preparation of the thioiated 
micro parades. 



Exam dM 19 



Covaient Binding of Recombinant HIV-1 gp4l to N- 
(5-<jimemyiaminonaphthaiene-1 -suJfony1>-cysteine 
(Dansyl-cys) Derivatized Microparticies 



A 5.0 m( solution of 10 mg/mi N, N'-dfclansyH.- 
cystine (Sigma, St Louis. MO) in in. 0MSO:S mM 
2H^M4olptH^lr«Jh•thamsulfonic acid (M£S. Slg- 
ma). pH 5.0 was added to a 5.0 ml suspension of 
amino-mtcroparticies. Five milligrams of 1-Qhyf-3- 
<3-Oimemyf-aminopropyO carbodllmide hydrochk)- 
nde (EDC. Pierce) in 0.5 ml detontzed water were 
added to the microparticie suspension. The mixture 
was rotated, end-over-end. at 20-25 * C for 2 hours. 
A second aliquot of 5 mg EDC in 0.5 ml deionized 
water was added, and the suspension was rotated 
another 2 hours. The dehvattzed micropartides 
w«re centrifuged. and the supernatant was dis- 
carded. The pellet was then resuspended in 15 mi 
of 0.1 M tfthkjthrertoi and rotated, end-over-end. 
for t hour. The suspension was centrifuged. and 
tne supernatant was decanted and discarded. The 
thioiated micro particles were washed with 4 cycles 
of resuspending in 15 ml of 0.1% TweenO -20 in 
PBS, csntrifuging. and discarding the supernatant 
The pelleted microparticies were then resuspended 
to a volume of 5.0 ml with P8S. The preparation of 
gp4i specific binding member/coupling agent 
complex and its crossiinking to the thioiated micro- 
particles were repeated substantially in accordance 
with the protocol described in Example t . b and c. 



Example 20 



Covaient Binding of Recombinant HIV-1 gp4i to 
Mereaptoethylamine Oenvatized Microparticies 

9 

a) Preparation of Mereaptoethylamine Oerivatized 
Microparticies " 

A 0.6 mi suspension of carboxylated micropar- 
to tides (0.49ll diameter. 2.5% solids. Poiysciences) 
was centrifuged at 10,000 x g for 5 minutes. The 
supernatant was aspirated and discarded. The pel- 
let was resuspended in 1.0 mi of 0.1 M cy stamina 
(Sigma). 5 mM MES. pH 5.0. A 0.2 ml solution 
rs containing 2 mg EDC in deionized water was ad- 
ded to the suspension, which was then vortexed 
and rotated, end-over-end. at 20-25* C for 14-18 
hours. The suspension was centrifuged, and the 
supernatant was discarded. The cystamtne de- 
20 rivatized rrticropartcles were then washed with 3 
cycles of resuspending in 1.0 mi of 0.1% Tween« 
-20 in P8S. centnfuging. and discarding the super- 
natant. The pellet was then resuspended in i.Q ml 
of 0.1 M dithiothreital in PBS and rotated, end- 
as over-end, at 20-25 C for t hour. The suspension 
was centrifuged. the supernatant discarded, and 
the mereaptoethylamine derivatized microparticies 
were washed as described above. The pellet was 
then resuspended with 0.6 ml of PBS. 

30 

bj Covaient Unking of Maietmido benzoyl Activated 
HIV-1 gp4i to Thioiated Microparticies 

as The protein was activated substantially in ac- 
cordance with the protocol described in Example i. 
b. A 0J3 mt aliquot of the gp4l specific binding 
member/coupling agent complex was added to 0.3 
ml of the mereaptoethylamine derivatized micro par- 

«o tides from Example 20. a. The suspension was 
mixed by vortexing, then rotated, end-over-end. at 
20-25* C for 14-18 hours. The suspension -was cen- 
trifuged, and the supernatant was aspirated and 
discarded. The pellet was resuspended in 1 .0 ml of 

<s 10 mM 2-mercaptoethanci and rotated, end-over- 
and, for 1 hour. The suspension was centrifuged. 
the supernatant discarded, and the protein coated 
microparticies were washed with 4 cycles of re- 
suspending in 1.0 mi of 0.1% Tween<9 -20 m PBS. 

so centnfuging, and discarding the supernatant. The 
microparticies were resuspended in 1.0 ml of PBS 
and stored at 4 to 3 ' C. 
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Covaient Binding of Recombinant HIV-1 gp4i to L- 
Cysteine-Q -methyl ester □erivatized Micro panlaes 



The immobilized specific binding member was 
made substantially in accordance with the pr o tocol 
described in Example 20 using (.-cystine 
dfmethyiester ^hydrochloride (Sigma) instead of 
cy stamina to prepare the rnicroparticies. 

it will be appreciated by one skilled in the art 
that the concepts of the present invention are 
equally applicable to the crcsstinkmg of many other 
specific binding members, solid phase materials 
and c o upli ng agents. The embodiments describ ed 
herem are intended as examples rather than as 
limitations. Thus, the description of the invention is 
not intended to limit the invention to the particuiar 
embodiments described in detad. but it is intended 
to encompass ail equivalents and subject matter 
within the spirit and scope of the i n v ention as 
described above and as set forth in the following 
claims. 



Claims 

1. An immobilized specific binding member, 
comprising a compound of the formula: 

s-r-x-r -m 

wherein 3 is a solid phase having a reactive mem- 
ber se le cte d from the group consisting of amino, 
carboxyi and thiol groups: 
M is an aminated specific binding member 
R and R are coupling agents selected from the 
group consisting of heterobi functional and nomo- 
bifunctionai reagents; and 

X is a dtthio compound linked to R and R' through 
thioethers. 

2. A method for producing an immobilized spe- 
cific binding member, comprising the steps of: 

a. reacting a solid phase, having a reactive 
member selected from the group consisting of ami- 
no, carboxyt and thioi groups, with a first coupling 
agent selected from the group consisting of 
heterobif unction al ani homobi functional reagents, 
thereby forming a solid phase/coupling agent com- 
plex: 

b. reacting an aminated specific binding 
member with a second coupling agent, thereby 
forming a specific binding member/coup Kng agent 
complex; 

c. reacting said solid phase/coupling agent 
complex with a di thiol compound thereby forming a 
thtotated solid phase/coupling agent complex; and 

0. reacting said thtotated solid 
phase/coupling agent complex with said specific 
binding member/coupling agent complex thereby 
forming a dithioether crossiinked solid 



phase/specific binding member complex. 

3. A thtotated solid phase, comprising a com- 
pound of the formula: 
8-R-XH 

5 wherein a is a solid phase having a reactive mem- 
ber selected from the group consisting of ammo, 
carboxyi and thiol groups; 

R is a coupling agent selected from the group 
consisting of heterobi function aJ and homobifunc- 
to tional reagents: and 

XH is a dithio compound [inked to R tnrough a 
thtoether. 

4 . A method for producing a thialated solid 
phase, comprising the steps of: 

rs a. reacting a solid phase, having a reaction 

member selected from the group consisting of ami- 
no, carboxyt and thiol groups, with a coupling agent 
selected from the group consisting of heterobifunc- 
tional and homobifunctional reagents, thereby for- 

20 ming a solid phase/coupling agent complex; and 

b. reacting said solid phase/coupling agent 
complex with a drthiol compound thereby forming a 
thtotated solid phase/coupling agent complex. 

5. An immobilized specific binding member. 
25 comprising a compound of the formula; 

B-Q-S-R-M 

wherein B is a solid phase having a reactive mem- 
ber selected from the group consisting of amino 
and carboxyt groups: 
jo M is an aminated specific binding member 
R is a heterobifunctionaJ coupling agent and 
Q-S is a thiol introducing agent 

6. A method for producing an immobilized spe- 
cific binding member, comprising the steps of: 

as a_ reacting a solid phase having a reactive 

member selected from the group consi st in g of ami- 
no and carooxyl groups with a thiol introducing 
agent, thereby forming a thtotated soid phase: 

b. reacting an ammated specific binding 
40 member with a heterobifunctionai coupling agent. 

thereby forming a specific binding 
member/coupling agent complex; and 

c. reacting said thioiated sold phase with 
said specific binding member/coupling agent com- 

<s plex thereby forming a crossiinked solid 
phase/specific binding member co mple x . 

7. A thioiated solid phase made by the process 

of: 

a. reacting a solid phase, having a reactive 
so member selected from the group consisting of ami- 
no and cardoxyl groups, with a disulfide compound, 
thereby forming a solid phase/disulfide complex: 
and 

b. reacting said solid phasertfisulfide com- 
55 plex with a reductant whereoy the disulfide is 

reduced to form a thioiated solid phase. 

3. An immobilizes specific binding mem oar 
made by the process of: 

13 
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a. reacting a solid phase, having a reactive 
member selected from the group consisting of ami- 
no and carooxyl groups, with a disulfide compound, 
thereby forming a soiid phase/disutfide complex; 

b. reacting said solid pnase/disulffde com- 
P*ex wtth a reductanr, whereby the disulfide is 
reduced to form a thtotatsd soUd phase: and 

c. reacting said tradated sciid phase with a 
specific binding member/coupling agent complex 
comprising an aminated specific binding member 
compiexed to a heterrjbtfunctionaf coupling agent 

9. The invention according to Claim 5 or 6 
wherein said thiol rrttraduong agent is selected 
from the group consisting of tfnotanes. succirwnidyl 
thioacetates and disulfide compounds which are 
subsequently reduced to a thiol. 

TO- The invention according to Claim 5 or a. 
wherein said thiol introducing agent is 2-tnv 
tnotftiotene. 

tl . The invention according to Oaim 1. 2. 5. 8 
or 3 . wherein said specific binding member is a 
member selected from the group of immunoreac- 
ove specific binding pairs consisting of antigens 
haptens, antibodies, and complexes thereof indud- 
>ng those formed by recombinant ONA methods or 
Peptide synthesis. 

12. The invention according to Claim n 
wherein said softd phase is a plastic microparticie 
and wherein- said specific binding member is an 



R is an afcyl. cydoaflryl. alkyl-cycloaikyl or an 
aromatic carooxyfic ring. 

17. The invention according to Oaim 14, 
wherem said acdve haiogerH^ydroxYSucanimide 
active esters coupling agent is selected from the 
group consisting of N-sucdnimidyi bromoacetate. 
"^KxXmktyt f4Hodo^cetyi)aminobeiu ua ie and 
*#o*Kdrtnmtit (4-«odoacety()arneioQeraoate. 
tS. The invention according to Claims t to 8, 
phmam ' m w la ct e J from the 
group consisting of polymeric beads, rnicropart- 
c*. ^ — pistes, sides, wefts, tapes and 



19. The invention acoadlng to dawns t to 8. 



pfteserfcoupeng agent complex upon or 
support rnedfcsn. 



13 . The invention a ccoiUing to Claims 1 to 6 
wherein said coupting agents) is/are rieterobifunc- 
t*onal reagents. 

The invention according to Claims 1 to 8 
wherein said coupfcng agents are selected from the 
group consisting of maleirnicto-N-rtydroxysuc- 
anfrmde active esters and active hatogen-N- 
''yoroxysuccinimide active esters. . 

IS. The invention according to Oaim 14 
wherein said mah»mido^-r^croxysuc»nimide ac- 
tive esters are selected from the group con s istin g 
of ^aie,mK3om«tfTyi^y<sroxyr5uccirt es- 
ter sticorarnidyi 4KN-mateimidomethyl)- 
cydcnexane- 1 ^rboxytate: succmimidyi 4^^mal- 
eimidophenyOburyrate; - /n-maiemtdabenzoyl-su|. 
fosuconimide ester and suffosuccinimidyt 4-<;> 
maleimidophenyObutyrate. , 

1 8. The invention according to Oaim 7 4 
wherein said maieimido-N-hydroxysucanimide ac- 
tive esters are selected from the group consisting 
of coupling agents having a spacer represented by 
tne formula; 
O 

• (Xn) - c 

wherein X i 5 a substituted or unsubstituted am.no 
acid having from three to ten carbon atoms in a 
straight chain: 
n is from one to ten: and 
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Activation of a Specific Binding Member Using a Maleimido-NHS Active 
Ester Heterobifunctionol Reagent 
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FIG. 1 



Activation of a Specific Binding Member Using an Active Halogen -NHS 
Active Ester Heterobifunctionol Reagent 
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Preparation of a Tlfiototed Solid Phase Using 2-iminothiolcne 



S0U0-NH 2 + C3" N H2 H 



SOUD-N-C 
H 



NH 2 * 



SH 



FIG. 3 



Oithiol Preparation of a Thioiated Solid Phase 
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Modification of on Aminated Solid Phase and Reduction of Oisulf ide Group 
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SOUD-N-C-R-S-R' 
H 



REDUCTANT 



SOLID - N-C-R-SH 
H 



FIG. 5 



Modification of Corboxylated Solid Phase and Reduction of Disulfide Group 
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© The present invention provides novel methods 
(oV the covalent attachment of a specfic binding 
member to a solid phase through the J*" 3 *"™* 
thiolated solid phase and a specific b.nd.ng member 
that is complexed to a heterobirunrtond coupi ng 
agent. The resulting immobilized specfic bmdmg 
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